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0 A standerd aubstenoe for optical calibration and method of making aame. 

(S> A standard substance for optical caDbralion is produced by mWng a proportion of a scattering substance 
with a first slltaona IlqukJ. Tha optical properties of the first liquid sra measured and a further amountof the llrst 
liquid Is added to the original mhcture to povlde a desired optical propsrty. Then, the mbctura Is further mbced 
with a second «lllcone liquid which Initlstas a curing process. The final mbrture Is poured Into a transparent 
vessel tor curing. The transparent vessel, with the cured final morture inside, is useful as a standard sutwtance 
for calibraOon of an optical equipment A techr*iue (or calculating the proportlona of the mlxlmea la diacloaed. 
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A STANDARD 8UB8TAHCE FOR OPTICAL CAUBRATION AMD METHOD OF MAKING SAME 

BACKGROUND OF THE INVENTION 

The pre$snt Invention retotes to opticai calibrBlton and, mgro partfcularl/, lo a standard «ub«lance tor 
canbraUon of an optical measuremani davica (or maaBuring optical Irenamlaaion and acattaring. 
: 9 Optical measurement devices ew3t for anaJyilng a sample of a material based on the transmission or 
scattering of light passing therelhrough. For example, a device Is known which maasures the coagulation 
time of dirwrting a tight through a mixtwe of blood plasma and a sample chemical. Coagulation is detected 
by a change In the Hght-scattarlng property of the murture due to Increased turWdlty when fibrinogen In the 
bkx)d ptasma Is converted to (ibrin during coagulation. 

TO Such optical measurement devices, require calibration to maintain Ihefr accuracy under vwyhig con- 
ditions over time. One way of caUbraiing such devices employa a standard substance having Known 
propertiea of Rghl tranemiaaion and scattering. One poealbia atandard subatance Includes a sample of ths 
material wt^ch Is to be measured. In the case of the coagulatlon-tlme moasurenwnt apparatus described 
above, the standard substance is a mlirture of blood plasma and chemteal which la to be n^eaaured. TWs 

IS has not proven to ba a successful technique since such a sample lada long^tann stabtlity and requires 
frequent adjustment of the measurement device. 

Other standard substances IncWe, lor exampla, agar, gelatin, acrylamldo gel, chitin and geWlum jelly. 
The turbidity of the above substances can be adiusted by changing the concentration of the Ingredlente. 
The tuitidity of agar can be changed by changing the concentration of agarose, wNch Is one of Its main 

iQ ingredients. However, since agar, as well as the remainder of tha above candidate standard subslancea, 
contain a high concentration of water, care must be taken to avoid evaporation of the water, and tho 
resulting changa in turbidity, Thfs generally requires a dosely phiggod cootrfner. 

rn addition, the above standard substances are gels. As Is well knovm, the lattJco structure of most gels 
is unstabia *id has no resistance to shaWng- Thus. k)og-(erm stability la difficult to maintain. 

zs A further problem whh the above prior substances Is that Ihey contain orgar^lc substances whk:h are 
nutritious to bacteda. For example, agarose Is an organic substence that Is hospltaWe to bacteria. Bacteria 
contamination Is a turthor threat to long^orm stabllty. 

Because of tho ^ve problems with organic gois, It appears desirable to employ an inorganic standard 
substance for caiibration of an optical detector. 

90 One type of Inorganic standard substance Includes a glass standard scattering substance such as. for 
oxsnpie. that disclosed Iri Japanese Examined Patent Publication No. 67-41688, published In 1982. This 
material is made by mbcing a small quantity of Impurities to silicon oxide. The mbdure Is moiled end baked 
at a suitable temperature. As a result of the melUng and baking, tho Impurities form small nuclear crystais, 
Thus Is formed a ^aes In a boric add phase. The resulting glass scattering substance is placed in a 

98 transparent container* Gaps In the container are tilled wUh a liquid. 

TWs technique has the disadvantage lhat the proceaa tor making the glass standard Is complicated, and 
the resulting device is not completely stable. Several attempts are typically required to determine the 
amount of turbldity-enhandng substance to add. The resuttlng glass must be melted and formed to conform 
to the shape of the Ogm-measurtng device- Consequently, the device Is generaDy larger than desired and 

40 more costly. Also, since the device la stored in a container* It Is difficult to maintain the acattertng substance 
stably In the container. Hence Its optk:al stability Is also difficult to maintain. 

Altematively, the glass standard substance can be formed as a holtow glass tube. The amount of 
scattering cari bo veried by changing the Inner diameter of the lube, The amount of scattering is Increased 
by making Ihe inner diameter smaller, and is decreased by making the Inner diameter larger. 

46 The opUcal proportleai of tttia device are degraded If any portton of the outer w Inno^ surfaca Is 
deformed In addition, such a glass tube tends to shrink over time, with resulting opUcal InstabBlty. 



OBJECTS AND SUMMARY OF THE INVENTION 

It Is an oblact of the Invention to provide a standard substance tor optical caUbration, and a method for 
making same that overoome ths drawbacks of the prior art 

it is a fUriher obiect of the Invention to provide a method for making a standard substance wherein 
scattering materltfs are added to a kw-vfsooslty material which Is then hardened to a hlgh-vtscoslty or solid 
material. 
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It j9 a still further object of the Invention to provide a method for making a standard sut»tance wherein 
a first sIHcone resin Is mixed with a lurbid substance. The concentration of turbid substance Is adjusted, If 
neceaeary, by adding additional first silicone resin. Then a second sllloone resin, which octs as a hardener, 
is added to the mixture. The conoentTBtion of turbfd sut>stanca in the first silicone resin la chosen such that, 
6 after the second silicone rosin Is added, and the mixture Is curedi a resulting turbidity of the cured mixture 
{8 attained. 

It is a still further object of the invention to provide a standard substance for optical calibration, wTMch Js 
produced by a simplified process, does not have liquids which can leak out. and which has good resistance 
to shaking and corrosion. 

10 Briefly atated. the present invention provides a standard substance tor optical caTibration that is 
produced by mbdng a proportion of a scattering substance with a first siikx^ne Rquld. The opUcal pn^perties 
of the tint liquid are measured and a further amount of the first liquid is added to the ortgtnal mDcture to 
provide a desired optical property. Then, the mb(turo is further mixed with a second slitcone Oquld which 
Initiates a curing process. The final mixture Is poured into a transparent vessel for curing. The transparent 

IS vessal. with the cured final mixture Inside, Is useful as a standard substance for calibration of an opitoal 
equipment. A technique for calculating the required mixture is disclosed 

According to an embodiment of the Invention, thoro Is provided a standard subsrance for optteai 
caflbrattOT comprleing; a tranaparant container, a cuf«d tfansparont silicone in the transparent container, an 
amount of fine particles scattered generally uniformly through the cured tranaparant slttconop and the 

20 amount bekig eflective to produce a deaired opUcai property. 

According to a featue of the invention, there la provkled a procsBS for producing a standard substance 
for optical calibration, comprising: adding an amount of fine parttdes to a first silicone llqdd. dtspersing the 
Rne particles In the first silicone liquid to produce a first mixture, measurinig at least one optical property of 
the Prsl mixture/ adding an additional amount of the first sIBcona liquid to the first mbdure to produce a 

w second mfxture having a desired vaiue of the at (east one optteai property, adtiHng a second sllkrone Bquid 
to the second mixture, mixing second silicone ilqukJ and ths second mbcluro to produce a unlfomi tNrd 
mixture, the second silicone liquid being of a type effecthfo to Initiate curing of the third mixture, pouring the 
third mixture Into a transparent container, and curing the third mixture In the transparent container to 
produce the standard substance. 

90 AccoinUng to a further feature of the invention there is provided a standard substance produced by the 
method of the preceding paragraph. 

The above, and other obiects. features and advantages of the present invention wiH become apparent 
1^ the following deacrlptlon read In conjunction with the accompanying drawings, In wWch like reference 
numerals dasignatB the same elaments. 

ss . ' 

BRIEF dBSCniPTION OF THE DRAWIf^S 

Rg. 1 Is e croee socmen of a standard substance eccordng to an embodiment of the invention. 
40 Rg. 2 IS a cross section taken akmg A-A In Rg. 1, and showing external optical elemants In dash-dot 
Inea. 

Rgs. 3 and 4 are cun^es to whteh mference will bo made in describing the optical properties of the 
standard substance according to the present Invention. 

49 DETAILED DESCRIPTION OF TWEPRO^ERRED EMBODIMENT 

Rafefring to Rg. 1, a standard substance according to the Invention includes a transparent container 10 
with a closed bottom and havfng therein a cured transparerij silicone 12 with a predalenninod concentration 
of fine partlclea 13 unH^ly dispereed therein, A plug 14 closes a top of transparent container 10. 
90 In the preferred embodiment, when uncured, slilcooe 12 It first and second separated, transparent low- 
viscoaity Bqurds. For present purposee. the first and second Bquids are intsrchangeaWe. When the first and 
' second liquids are mixed, curing talces place of a time that depends on the types and concenttatlone of the 
materials and on the temperature. 

The preferred piooeas for preparing the meterial includes the following steps: 
as 1) adding fine partlclea In the flret liquid (either liquid (s satisfactory), 

2) cflsperstng and scattering the nne partldes In the first llqUd, 
3} doaerating the mixture by apptlcetlon of low pressure, 
4) pouring the deeeratsd mixture Into transparent container 1 0, 
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5) measuring Che optical propwHes of iho (toaoroM mlxtUTBi 

8) adding a first quantity of the first liquid to a aacond quanlHy of the mlxturo of step 3). H oecewary, 
. to obtain a first desired optical property, 

7) addiOQ a third quantity of a second nquld to iho mixture of step e). 
6 8) mbdno ihe ingredlenia in step 7) to produce a onifoma mixture; 

9) deaenautng ttie uniform mixture by application of low pressure. 

ID) pouring the deaerated uniform mixtura into transparent container 10. 

11) hardening the uniform mixture of step 10) to produce silicone 12 having particles 13 uniformly 
dispersed therein^ and 

TO 12) the desired optical property In step 7) Indudwio obtaining of a eecond desired optical property at 
the end of step 11). 

One sWIIed in the art will recognize that some applications may not require- deasfatlon of the mixtures. 
Also, other types of silicone may be used besides the two-fiuld type. A type or transparent silicone that is 
hardened by Irradiation, riwlsture, heat, or other etfecl, may be substlluted without departfng from the spirit 
IS and scope of the Invontfonp 

In the preferred embodiment, the cured transparent silicone Is produced by the reaction of a vinyl 
radical and a fi(H radical under the biftuence of a Rcalafysl. 

« i B " catalyst 



28 



First liquid I ^ Sscond Uquid 
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As noted above, either liquid may be sdwtttuted for the other. The Pt catalyst may bo contained in 
® either the first or second liquids. 

The material used for particles 13 may be of any convenient type, ll has been discovered that many 
coloring ma^ials are chernical aubatances that change color when Irradiated with light. Such coloring 
materials aie not Ideal for the present invention. Pigments cfonslsUng of -fine particles are found to be 
satisfactory, provided they have a required small slie, unffannlty, and long-tanm slabifity required In the 
^ present application. 

One pigment that appears to be eatiafactory Is titanium dioxide. However. It is understood that tilanium 
dioxide emito electrons when exdted by radiation. Thus it Is unstable optically- The particles of titanium 
dioxide may coated with, fcr example, alumina^ to avoid Instability from tfils cause. This yields coated 
particles having average diameters or about O.ze micrometers. 

^ ' Other types of particles andtor coatings may also be used.- For example, coatings or sWca or zinc may 
be aatfsf actory In some applications. 

Referrlr^g now to Rg. 2, optical measurement or scattering of light in a standard substance IB may be 
performed by positioning a light emitting element ie such as, for example, a lamp or a Ijght-emlttlng diode, 
at one side of Iranspareni container 10. A light receiving element 22 Is posHloned at atxHit 90 degrees 

^ about standard substance ie rrom light emitting element la A filter 20 Is optionally provided to limit the 
wayetengths of light reaching ffght receiving stement 22. It will be understood tfiat a signal generated by 
light receiving element 22 Is applied to a conventionai photoelectric converter, which provides the final 
output. Hnce such a photoelectric converter Is conventional, and well known to those akllled In the art, 
further discussion thereof Is omitted Aa depicted, flgW receiving element 22 receives light that Is scattered 

^ by partictea 13 to an angle of 90 degrees from the direct path through silicone 12. One skilled in the art will 
recognize that a conrespondlng absorption measurement can be performed by relocating filter 20 and light 
roc^vlng element 22 In a direct Una with 8ght omitting element IB on the opposite Mb of standard 
substance 18, When the apparatus of Rg. 2 Is used tor btood-coagulatton measurament. light emitting 
alement 18 is preferably a red optical source, and more pmferably a red light emitting diode. 

*^ Referring how to ng. 3, a cunrO relates the amount of light absorption to the wavelength of light (nm) for 
the stwidard material desalbed above, it is of note that the curve Is smooth. This indicates thai a single 
type of parUcle.la useable over a wide range of opbcai wavelengths. 

Referring now to Rg. 4. a curve relates the amount of light scattered to the quanttty of scattering 
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particles In ihB final cured mixture, rt be noted that, over a subslanHaJ range, the curve Is linear. 
Acaxdfngfy, It Is poasi'tile to predtefr with good accifracy, the scattering effect that will occur from a 
predetermined increase or decrease in the amount of scaCterfng particles in the flnaJ cured mixture. ThCs 
curve can then relate the amount of additional plain first BquKl to add to the f^rst mixture to attain tfw first 

s optical property based on a single measurement of the optical properties of the first mixture after 
deaeraUdn. In addlllon, this curve liirther makes tt possible to predict the amount of first Bquid to add in step 
6) above so that after the second Vquld is added, and the final mfxtura Is cured, it will result in the second 
desired optical property (the Rnal optical property of the cured material). 

A first example ol the process for producing the standa/d substance Is described In more detail below; 

ro 1.) 30 ml of the first silicone liquid is poured Into a bealtei. One pharmacmrtlcal spoon of partteles of 
titanium dioxide is poured Into the first liquid. The partlclee are dispersed uniformly throughout the first 
aliicone ilquid using a suitable agilalor for at least a few minutes, and preferably overnight. 

2} Larger and non-uniform particles may be removed from the mixture by letting the mixture stand for 
several hours, or by ftibjecting the mixture to 1500 Q In a centrifuge for about 15 minutes. 

rs 9) The upper portion of the gravity-separated or oentrifugod mixture is decanted to select the finer« 
• and more uniform partlcle9« dispersed in the first liquid. 

4) The dectfited portion is deaeratad at pressure of about 50 Torr, and preferably leas than for about 
300 Torr for about 5 minutes. 

5) Part of the decanted deaerated liquid Is poured Into a second test tube. 

20 8) The optical scattering propertfes of the material in the second test lube are measured. 

7) An additional quantity of the first Kqutd. not containing the scattering particles, in an amount 
sufficient to result In the desired final optical properties of the cured malarial, is added to the decanted 
deaerated liquid. The amount of the firat nquid to be added Is giMed by the relationship between light 
scattering and the quantity of fine particles per unit volwne shown In Rg. 4. That is, over some, the B^it 

iB scattering Is linearly related to the quantity of fine particles per unit volume In the mixture. This relationship 
permfte adjusftnent of the concentration of partfdes per unit volume based on a single scattering 
measurernenl K the measured annount of scattered light In the first Ilquid is "A", the desired scattered light 
In the finel standard substance la "B". the first and second liquids are both tranaparent. In the linear range 
of Rg. 4, the folkwing relationship may be used to detennlne the amounts of the nrst Ilquid (with parades) 

oo and addttkmal ilquid to be mhced. 
A/B * slope of linear portion of Rg. 4. 

X » the amount of the first liquid whose opdcai properties were measured 
y » the additionol quantity of liquid (without particles) added In this Step 
z « the quantity of second liquid added to begin curing the sliicone 
36 The final pptlcal pn^pertles can be found from the equation: 
= (X y ♦ zVk 
Ax a (X + y + JK)8 

If the amounta of first and second liquid are equal, then z « x + y » a 
and A X s 2dB 

40 These equations csn be solved for x and y. and thus for 2. 

8) The quantity *a" of the first ilquid In step 7) Is added to an equal quantity of the second liquid and 
agitated until uniformly mixed. 

0) Tine final mixture Is deaerated at a pressure of 60 Torr fbr five minutes. The final mixture begins to 
harden Immediately, so that steps 8) and 9) must be carried out quickly. Cooling ol the mixture may be 
4S employed to delay hardening. 

10) The deaerated mixture of step 9) Is collected In an Injector and Injected In a test tube. Care is 
takah to avoid air bubbles. 

11) The test tube is heated to expedite hardening, lite hardening temperature used depends on the 
silicone. High tamperaturea are desirable becwise of the reduced hardening time. Too high a temperature 

90 may cause expanalon and then shrinking when the tube cools to room temperatura. This can cause 
cracking. One type of slUcone can be hanjened by baking for one hour at 70 degrees C. Hardening may 
also be completed at room temperature. 

12} the upper opening of the test tube Is sealed by an epoxy adheaWe plug to protect the cured 
sUkxxie In the teat tube*. 

as A second example of the process for produdng the standanl substance la described in more detail 
bekDw: 

A silidone Uquld (Product No, 8EI88O) produced by Toray Silicone Co. Ltd. Incii^ a ^st lk|uid *'A* 
and a second Ilquid '6' to be mixed In e^ial quantities to Initiate curing. A pigment (Product No. JMQOA) 
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produced by TeJkoku Kako Co^ lid, is a rutile type titantum oxide. 

1) too miililiters of liquid A Is mixed In a beaker wHti 30 mIcroBtors of pigmeni and agitated all night 
by a polytetrafliforoethyiene chtp agitator. 

2) lh9 mixture from step 1) la centrifuged for 15 minutea at 1500 Q. 

5 3) The upper half of the IkiuhJ {rom step 2) Is transferred to anotlier besicer. 

4) The tk)Ukj from step 3) Is deaeraM for five minutes at 50 Ton'. 

5) Thedeaeratod Oquld from step 4) Is transferred to a new test tube. 

6) Hie amount of scattered light Is measured by a blood coagulation measuring device, model No* 
CA4000 made by Toe lyou Oenshr Co., Ltd. The measured value obtained by AnakH^DIgital conversion 

10 wae 350. The desired value was 90. 

7) By the mettiod in example 1, the amount of liquid from step 5) Is 51.4 mHKIItars and ihe additional 
amount of tlqidd A to be added Is 48.6 milliliters* 

B) The 100 mliniiters of mixture from step 7) is mixed with 100 millilltecs of liquid B to Initiate the 
curing process. This mixture is agitated. 
15 9] The mixture from step 8) Is deaerated for five minutes at 50 Torr, 

10) The deaerated mixture from step 6) Is sucked Into an inlector and Injected Into a test tube, taking 
. care to avoid Intpoductkm of at bubblea. 

11) The test tube from step 10 Is heated for one hour at 70 degrees C. for this type ol silicone, IC Is 
believed that curing shouW be pedormed at a temperature between 50 and 00 degrees C. Temperatures 

90 greater th^ 100 degrees are believed to cause cracking of th cured silicone. 

12) The opening In the test lube Is sealed with conventional epoxy adhesive. 

The above second example was used to produce a number of test tubes. Eadi or the test tubes 
exhitritBd the same optk:al properties. 

Other silicone products whteh may be used include Product Nos. SEieSSWB, SE 1886 and SEie87. 
» Their curing condlfions are sllghlly different. Preferabiy. SE18e5Are, SE1888 and SEt8B7 may be heated 
lor 30 minutes si 70 degrees C. 30 nflnutes at 120 degrees C (or 80 minutes at 100 degrees C), and 30 
minutee at 70 degrees C (or 120 minutes at 50 degree C), respectively. 

As dlscu^ed In the background of the (nventksn, the standard substance produced according to the 
mathod of this inventton provides a light scattertng substance similar to Wood plasma. However, It has a 
so broad scope beyond the specific example given In the foregoing. For exmr^ple, the InvenUon may be 
^iled 10 produdng an opBcal filter having desired optical qualities. Convenfionally. llghl refraction and 
wave length have been measured using a glass filter. The standafd substance of the present Invention msy 
provWe preferred optical properties to such a fitter by changing the quantity of pigment 

In btologlcal and chemteal ftekls, measurements are made at a plurality of wavelengths to detemfiino the 
96 Ingredients, or the purity of a substance. Since the opticBl properties of the present standard subetance are 
stabilized over a broad range of wavelengths, and remain stabla for a tong Mm, optical adiustment can be 
pefformed at a plurality ol wavelengtha. 

Havkig described preferred embodiments of the Invendbn with reference to the accompanying draw* 
ings. rt is to be undoratcod that the Inventkw is not limited to those precise embodiments, and that various 
40 changes and modWcallons may be effected therein by one ^lled tn the art without deparBng from the 
scope or spirit of the Invention as defied in the appended dainia. 



Oaime 

1 A standard substance for optical calibrafiiHi comprising: 
a transparent bontalnen 

a cured transparent silicone in said traneparent container; 

an amount of fine partJdes scattered generally uniformly through said cured transparent sllconei and 
so said anrwunt tMing effective to produce a desired optical property. 

2. A standard substance according to dalm 1 . wherein eald transparent container ia a tubular container 
having a closed bottom. 

3. A standard substance according to claim 2, further comprising a phjg ctosing a lop of said tubular 
container. 

ss 4. A process lor produdng a standard aUbstanoe tor optical caBbraUon. comprising: 
adding an amount of fine particlee to a first silicone ik)uld; 
dispersing saW fine particles In saW first sIHcone liquid to produce a first mixture; 
measuring at least one optical property of said first mixture; 
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adding en additional amount of first silicone liquid lo aaid first mlxtura to produce a second mixture 
having a deslred vslua of said at leaat ona optical property; 
adding a second silicone liquid to said second mixture; 

mWng second sfllcono Dquld and safd second mixture to produce a unirorm third mixture; 
S said second silicone liquid be^ng of a type effective to initiate curing cf said third mixture; 
pouring said third mixture into a transparent container: and 

curtng said third mixture Jn said transparent container to produce said standard sutistance. 

5. A method according to claim 4, further comprising deaeratfng said first mixture prior lo the step of 
measuring. 

fo e. A method according to claim 4. Jurihar comprtslnB doaeratlHj said third mixture prior to curing 
thereof. 

7. A method according to daim 4, wherein said ai least one optical property Is a acatterinO' 

8. A method. accordlng to darm 4 wherein a qusntity of said secorwi mbcture and said second silicone 
fiquid are equal. 

IS 9, A method according to claim 4, wherein said fine particles Include Stanlum dioxide. 

10. A method according to dalm 9. wherein said fine particlas of titanium dioxide include a coaling 
tfwreon. 

11. A melhod according lo claim 4, further comprising: 

contrlfuging said first mixture to separate larger ones of said fine particles; and 
20 decanting a portion of said first mixture to Include sutistantlsllv smaller ones of said fine particles. 

12. A standard substance produced t»y the method of claim 4. 
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